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2. §2UAINUAY (Control Segment)
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3. ﬁ"mm% (User Segment)
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Step 1: Triangulating from Satellites
We are somewhere on-ihis sphere
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Step 1: Triangulating from Satellites
A second satellite narrows down our location

Two measurements & ;

put us somewhere -Q-——-

on this circle

AN 6 duvai Idninms friaaiiiioa 2 @29 (Triangulating from Satellites, 2008)
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Step 1: Triangulating from Satelites
A third satellite p s at either two point

One of thase two _

points is the
accurate location

MM 7 aaeagai 1deInmsiiTan1uiion 3 @9 (Triangulating from Satellites, 2008)
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A fourth measurement narrows our
position down to one point

The intersection
: . of four spheres
7/ . .

is one point

AN 8 MI59TATZUZN1INATANGY 4 A9 (Trible Navigation Limited, 1996)
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How do we know when the signal lett the satellite?
+ Use same code at the receiver and satellite

* Synchronize the satellites and receivers so they are
generating same code at same time

* Then look at the Incoming code from the satellite and see
how long ago the receiver generated the same code

measure the time
difference between
the same part of code

from satellite Jr Ui L-—|—|_|_L—_;|_
from ground receiver w AN OIS o B

WA 9 N1359IATLBLIINATUNGL (Trible Navigation Limited, 1996)
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Two measurements with accurate
clocks, In two dimensions

AMA 10 M3593AMNYNARDININATNHEUABINII (Trible Navigation Limited, 1996)
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Three measurements
with accurate clocks,
In two dimenslons

AHN 11 N15593ANMINGNADININAT AT UNEUAI (Trimble Navigation Limited, 1996)
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Two measurements with fast
clocks, in two dimensions

5eecs (wrong) 7 secs (wrong)

Incorrect
measurement —

MAN 12 MISVTANANRARAIATINATHNBUEBIAI (Trimble Navigation Limited, 1996)
d’l = oo ar = d'. :; b4 d'. d‘ [y [ Y =
HolnsFiinaransua N NN lnein 3995 U e 1uGPSHInIln L
2 a = = & o ¥ ow oA o
AmaRaey 1 3H Szeznininameunimiualzdaiu ldgaaaniuinni 1 i il

AuNsof I mna lda1unIng 13

[}
ar o s =i

iomnieeiudaaces I85udoyagamsfaiad lidaduign o fer  do
Uszmanalundesfudyancpsezvhnsdnnasmsalmn Tasmsiunioaasseznmi
'v"nms%"ﬁﬂ'lﬁ’ﬂuﬂ’hﬁzU:maﬁ"lﬁmmmﬁuu%ﬁmmaa:ﬁﬂﬁuﬁgmﬁm MINABINTS
$efamriifa luszuuisanneuiasuiudeains e anasidudaadionaug

fl ’nmmmﬂﬁaummm (Trimble Navigation Limited, 1996)

15



16

Three measurements with fast
clocks, In two dimensions

7 sec (wrong)

The third

measurement 9 sec (wrorg)

will not go

through the i |
other two \N

AN 13 N33 IANDNRANAIANATANGUFINA (Trimble Navigation Limited, 1996)
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MAN 25 NMIHINUVD5ZUY Beidou (Haaften, 2007)

521U Beidou T wgndaafiszsy 100 mas uaz 3ndh 20 a3 lums 3 diauny
P5uuRnan1e mnsesesiusassudldan'1d 540,000 in3eadod 2 Tus iag 150 (AToandon 4
iU (Kramer, 2002)

2. Beidou-2 (Compass) fuszuiniisesdosanimouinanaeu191ns UL Beidou
aﬁalﬁﬁ'ﬁuﬁn%‘miﬂmuﬂquﬁ'ﬂaﬂuaxﬁﬂﬂugné’awadfiﬁh”ﬂﬁﬁniﬁwu Beidou (AY
nmgRsuwhmsaiszhiedhoaifioniulfesiiifeanandesmsanuii
EAMALINDAANINTZUINIISBIBINANMISII9Y 9 TuTan (auan 33n5umad, 2551)

530UAIUAUN Compass 111U 3 @21 (China Satellite Navigation Project Center,
2008) 1@

1. duednd Uszneudiunguaaufionsiniu 35 a4 (Huang, &Tsai, 2008)
1aus

1.1 31721 5 223 1u291n05 geostationary orbit (GEO) iﬁnimﬁagﬁ Longitudes
58.75°E, 80°E, 110.5°E, 140°E uaz 160°E awdiau

1.2 $149u 27 22314231A95 Medium Earth Orbit (MEO) utiaiilu 3 szuiuudaz
szuuBuaigy 55.5° ina1uga 21,500 Alawas

1.3 $119u 3 @291u241A5 Inclined Geosynchronous Orbit (IGSO)

aituuaaans e sszuL 18R Compass-MI gadsiugaalaesiiedl a.a. 2007
297793 Compass-G2 gndaa‘fuq'aﬂﬂwﬂmﬁauswwu ... 2000 Will@eauiigad

o 1 13 H 13 =4 =y =t 4 -; 1
mufiudnd iy 3 meeglunmunsdaiugaelneg mudiondn 10 amelumumsdarug



36

Tavsmoluaedilnoninaiiiion Compass-G2 a1 1ull a6, 2010 sTUVAI AL Compass
v lduims Idaseunquinlszmaiiu naz il a.a. 2020 szansaliuinmsldnseunquia

Tan (Shen, 2009) anyaizvosaiouluseuy Compass aaalunini 26

4

GSO Satellite
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MEO Satellite

M 26 araionluszuy Compass (China Satellite Navigation Project Center, 2008)
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AT 27 19509 IAMNA lusz U Compass (China Satellite Navigation Project Center, 2008)
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WuszrRlgusmsludsemaluisenazdaduszuulumsovie GNss szumusnlunda
1®W3N(Secretariat of the International Committee on Global Navigation Satellite Systems,

2006)
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Horizontal Accuracy Specification of Map

Scale RMSE, (m.)

Class I Class II Class III
1:100 0.025 0.050 0.075
1:500 0.125 0.250 0.375
1:1,0600 0.250 0.500 0.750
1:2,000 0.500 1,000 1.500
1:4,000 1.000 2.000 3.000
1:5,000 1.250 2.500 3.750
1:10,000 2.500 5.000 7.500
1 : 20,000 5.000 10.000 15.000
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